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±iB?gffiS*\ III ;^tp©I n|ifig*'!3 0%J«JiCDG a^I n,_^A s Sb 

X IX J- y y 

(0. 0 0 3^y^0. 0 0 8) .S^-Xtt^Ma^^F^J^i: L 

T ^5 ti T ^ ^ S 3 i: & #8S: i: f -S il^^^f: 1/ - if 

Ny^S by23«^^® 0<yl<0. 03. 0. 002^y2S0. 06) 

[ft#a4] IS^M;^':, GaNyA s^_y (0<y<0. 0 5)MhbT?^ 
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±mm'\tMi)K III i^tf ® I nmmffiS 0%J[i^Jt®G a^I n^_^A s j.y^.yg 
Ny^Sby2#F® (fib, 0<yl<0. 03) ^r^fS^-Xtt^Mi^ 

GaNyA Sj_y (0<y<0. 0 5 ) M i: L T?^figS tlT r i: 
S: iff ^ i: -r S if^#«; b - if 

[ft^:a7] ni m<^(Dl nffi^*^3 0%^;AJ:CDGa^I n.^A s i_„S 
by#^» (-(SL, 0. OOSgygO. 0 0 8) ■S*— 

[ft*«8] III i^cf® I niffi^A^S 0%J«±®Gaj^I n^_^A s^_yj_y 
gNyiS by2#^« (-(11/, yl<0. 03, 0. 002Sy2S0. 06) & 

U-if|g^®f^S«;jjS„ 

[fff#«9] III mtp<D I nMfiR:*^3 0%^il±(Z)G a^I n ^_^A s ^_y^_y 
gNy^S by2#:^® (fib> yl<0. 03, 0. 002^y2g0. 06)^ 
th'G a A s KSJlS:^1-S#-Xti#Ma^#P«xt®?gSSS:«x.-g.^#*|:b 
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J- 

X J. X 

^ l-yl-y2^yl^ ^y2*^*®y ^ ^'^^ 0<yl<0. 0 0 7®i:^, ^Jf^ 

mz5 7 ox:i;a±6 3 o-c&.r(Dmm(Dumx'm^m^mL. o. oov^yi 

<0. 0 3(Dt^. aM«^t{C 6 7 Orii^i? 3 0'CJWT(7)«fflO?aigTi^^5a 

[»*«10] III ;^cf>® I nifflfig;6^3 0%e^J:®G a^I n^_^A s j_yj 
_y2NyiS by2#FJl (fib, yl<0. 03, 0. 0 02Sy2g0. 06) 
&t>'GaNyAs^_y (0<y<0. 05) »®S ^r^t-T S#-3l{i#M*^#:R 

[0 0 0 1] 

fC'gtlfe, ^i: LTIS^tiSSO. 9MmA^^l. 6 5 a ni®4i#ft l/-if Jg^, 
[0 0 0 2] 

#§)f6iK«l. 3 Atm^ffl.i|s#fl£U--tf^^i:LT: I n Pa«±tcjg^ 
Stl/tOa I n A s P^^^ft: b -if ^^A?Bg|g$ tlT t;® ®, 
ii, L^V>ffl®#ffi?aS*':5 0 K~7 0 Kt<S<, 3 A^P^ffltC 
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[0 0 0 3] 

. 't<D-'DtLX. fS'\iMtLXmMl, 25/im7b^6l. 3 m mi^(Z) G a I n 
NA s ^Mv^fc*^#|«Jg$:G a A s a«_h{C?^^^^ - <!: tc J: . #SJa«$: 
1 8 0Kg«tT±^f^-^^^'T'^^i:^®$4^TV^-5 [1] . -^LT. 
JCfe. 1 3 0K'-2 7 0 K^SO]g^aS#ffi;^)^^fSM.$tlTV^^. 
[1] M.Kondow et al . ,Jpn. J. Appl .Phys. , vol .35(1996)pp. 1273-1275 
[0 0 0 4] 

tr=.. ^ytf&^l. 2 ;ti m;^CO]gMG a I n A s ^^^t^U-if^^jC J: 1 
4 OK-1 7 0KSScO]S#ffi^S«^||^gLfc^$5S$;nTV^-5 [2],. j^. iS, 

[2] F.Koyama et al IEEE Photon. Technol .Lett. , vol . 12(2000)pp. 125-127 
[0 0 0 5] 

r^T% llf3^#MbT, ^%mMl, 2 Am^c^t^*cZ)igMG a I n A 
^ft U-if«^-CD®^^|JiP^i-^, Ef3 ti585feMSl. 2 ^m^^CDee5RC5:)iSSG 
a I n A s ^##U-if*-?COn:t:'^:3ri/^;i/«^(D®f®lllT*fe'5o 

fS3fcM;gl. 2 ytimi^(Z)t^3f^(DiftSG a I n A s4^^#:l>-if^^4 Oti, M 
m^\Z^^^o\Z. n-GaAs (10 0)M»S4 2±fC, MRr^, 
^ilt^. IKi^O. 2 /tm(Z)n-Ga A s/\'^yyrM4 4. Hjp: 1 . 5<Ain<Z)n- 
I n G a P ^ Kjff 4 6. MJP 0 . 1 3 iim(DG a A s ^^bai4?)Jl4 8, G 
a I n A s vgffiM 5 0, IKiP^ 0 . 1 3 mC^G a A s ^^CJtii?)M 5 2, MJ? 1 
. 5 ^m(Z)p - I nG a P^^^y K«5 4, ^t>']^;p:0. 35/im(Z)p-GaA 

[0 0 0 6] 

[5§?9;^)^igSEb h^ohL-t^ mm] 
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Jx- (MB E) figST'tt, V-f ^»'L/-i/3>SA^^^^^%®T-ilUV>. r 
[0 0 0 7] 

*7t, G a 1 nNA si|£##:l/--!f^-f-T'(i, m.^ 1 . 3 M m^T'iS b ^ V^^it 
fb$:^:^-r-5fCtt, jeSGalnAs ( I n jafK4 0 iZN^VmttX'O 

e>i:v^e»Kffl*^feS„ ^S:X|iS*^#iS[f§*L, 3t¥S<IiSa® 

[0 0 0 8] 

^ICDioTillWtCil*^, *56^(DafiUt±, ISSG a 1 n A s^, JRCyG a 1 n 

[0 0 0 9] 
[il® -5 fe«?)®#©] 

-t^-7r^'^>^ [a] Sb, Xe, Sn^©, SMlCffi^f b^V'Tt:* 

b J: e) i:v^e)7^^^•rfe-5o fiS;«75-*S±MB E, MOC VD^T'^fft>4xS„ 
[3] M.Copel et al . ,Phys. Rev. Lett. vol .63(1989)pp. 632-635 
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^(Dunxm^^^^. o^tj, itmMo:)^^(Dm. V'-yr^ hit. mm 

[0 0 10] 

mmm^^^^^miz. iiimtmz. ymtto, 2%-2. 5%@s 

CD^/hSc^S b - ^, tj. 1. 2 ^mi^(Z)G a 1 n A s^^^^ 

U-'^m^XltG a I nA s S hm^> 1. 3 m^^(Z) G a 1 n N A s ^^^^ 
U-'^m^XltG a 1 nN A s S b jf S:^:^^ 3 ^ ^.TlZ'^^^M 

mizj:^). ^<Dmm'&.^mui.x. ^^^m^mn^^izm-Dt^. 

[0011] 



\Z^fc^}. 



Ga I iIq 3gAs/Ga As^-S^-^fF (SQW) ?Sffi»S:?^ 



WL^^ftLmz. G a I oqA s (CS b 5:^*11^- -5 ^^fo fe, 



0.39^ 

^^^X\t. m^\Z^^^o\Z^ n-GaAs ( 1 0 0 ) ®S« 6 2 ±(C, M 



0. 2 m(Z) n - G a A s ( n = 2 X 1 0 ^'^ c m ^ 



) )^vyrM 6 4,1 
1 0 ^'^ c m"^) ^"yv 



0 . 2 5 m(D n — I n Q *^^0 516 ^ (n=3X 



6 6, 



p . 1 3 yci ni(Z)G a A s 6 8 



0 . 1 3 /4 m 
G a 

6 0 



, G a I 3gA s S b/G a A s#-a^'#:R?gttJl7 0. Mj? 
CD G a A s 5t 10 7 2 , ^XSmW 0. 25;timC7)p-InQ4g4v^cLQ5^ 

g P (p=5x 1 O^'^cm"^) ^^^y FM7 4 Sr^KL. v^X h: 
^m^Lr=.o f^. MBEffitCf^;^T, MO C V DST'%J^V^, 
[0 0 12] 

G a I hq 3gA s#-a:^-^^sti, j±mm2. 8 % t^^^ o^mjfzmM<Dun 



X&^, 



Lfeo 1^, G a I n A s /G a A s ^tCOV^T, J. W. Matthews^ Z>*A.E. Blakesle 
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o 

X (Torr) $:a^^X.T. S h (Dy ^ ^ P.M(Dy :t h JV ^ :^ y X (PL) 

«c#ffiS:M^, Hsjc^f i^. y^-j^y. (Torr) ti. SffitcAM 

GalnAsSb Sc^^^^f^ti. 
^«^-V>y1ftODi£;^J : 9. 0X10"^Torr 

: 4 4 0 "C 

^'^y^y^*^(DA s <Dy^y ^ y, : 8 . 5X1 O'^Torr 
G a 1 nA s Shn^B(7)^Mmm i2, l/im/hr 

z,z.x% ASH3 &tKPH3 It. mmizmm^^mic,! 0 0 ore vm^m (^ 

[0013] 

gf5(i. >^:t h;!/^:^^^^^^^ (PL) §aS>5:t>' P L S b >^ ^ ^ X4 

^#ttS:^bTV^^, 05;^^^, S b ti^S^G a I n A s Mc5D^:SfC;t3?&-??$) U 
. *tJ^SV^P L3£||^W^^i^fCti, 2 X 1 0"'^TorrJiAJ:5 X 1 0"'^TorrJi^TS 

[0014] 

^iS^M2 

*i^M2 ^bT. Sb(Z)GaInAs U ji^i^rM^-S 7^A?){C, 

S hOy^-j^y^m^^lZ^^XG a A s S b ® §: a: tf ^ ^ $ it, G 
■ a As S b^t^fJC^S b(^^*^ (%) Sri^/^. HI 6 tC^(Z)*§* 5:^ b i'^. IIJg^M 
2T(^^:gJiK, A s H3 CD^^^y SiZfmMUmit. IIS^Ml (Z)G a I n 

Sh\t. m6lZ^^^o{Z^ 1 0~^loTT(Dy^y^y.t.XUmm^XG a 

A smizm^Jjiittltco ZLCOSbm^tl^. 1 nG a A s S h^(DS hm^tm — 
X$>^t:UmLX. G a I n A s S h (DM^mm^tmLf^mM^m 5 ^IZB^ 
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. AEc = 0. 7 AEg^bTft»L;^o S \>(D y^y ^ Ts^ff 2 ->< I 

P L^S;^'!*fe§g<4^^ 2 X 1 0"'^Torr (Jgg^^J i #flg) T'ti, GalnAs 
S bKc^ffl^jgtiG aQ I nQ s 0.9958^ ^ 0.0032^'^-^'^^ S b 

ti?^^<. Gal n A sm^\zm^}iht,^. ^-yT^ hy^ ^ (like) 

me-^^i. S bc^:7'^^y ^::^;6^2 X 1 0"'^Torr(D©tC. S b iffl^ti Vi^M^irfc 
TO. 3 2%T^fe^(Z)T\ m^^PL^m^m^r^i^lC{t. EISA^&S b:7^^y^ 
X;^)'J2 X 1 0"'^Torr 5 X 1 0"'^Torr . f^&t)-^, 0. 3%je^±0. 8% 

Kir(Dmm(D s b (Dmmtimmfj^mv&^ twx.^. 

[0 0 15] 

limM3 

*^M3^bT. &.T(D^M^{^V. S h<7:>y^y ^ X (Torr) $:a^^X.T 

It. -^-i^^FM^Ga I 3gA s QQ^^S bT-«^-r^r h$:|^V^T. 

1 c7)aM«at iwi D -5 o 
G a I n A s N S bM(Z)^;S*ff^ti. 

^^^V^>^^CDA s H3 CZ):7^^y 
GalnAsNSb 
[0 0 16] 

S b^'^^^4^Tv^7^^.^i:$, JEES 
^0.0044^ "TffeU, |gftm;Pti7. 3nm^L;^o * R F fC <fc U L fcg 
myVi:iJV^mmiMntLr=.o MJc. ^H^tt$:IlItt$ii:-5;ti?)fC, GalnNA 
s S bmo^^m^. ^mW^m^^V^mm'&.G a a s PSt^RSit^^f 



9 . 5X10 ~^Torr 
4 6 0 'C 

8 . 5X10 "^Torr 
2. 1 fi m/h 



[t^2, 7% (Gal 3gA s 
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^y'ftLXX.}:f^^i/-rJV^^MMlZW^M (Face to Face) $i±T^i±, 6 5 
0°C-ei 0^^r^T--;^LT^.^-g>o 
[0 0 17] 

X 1 0"'^Torr«±l x 1 0 "%orrJ^^TSft(7) S b<Dy^y ^ ffiV^PL§tS 

limM2T'^^t^tC. |W[*f4^C^G a A s S bjl(Z)^S^^^. Sh(Dy^v^ 
X 1 0"^Torr(Z)^^C. S b M^li Vj^irt 1 . 6%T'fey. N^*D{Cj:-g>a 
s - g r o wna:tf^^^>-y;i/^:gjg<DM:g^>V hA>^. N ffl^ t i V i^ib 0 . 4 

Sli^M2 t:SI!ilM3 (Z)^:^;^^?3. ffi^KtcmSLT. 0. S%^1. 6%(DSh 
^^ilJf ilfCj: frj. G a I nN A s Mc^5t^#tt;«)'^fpJ_hf -So 
[0 0 18] 

GalnNAsSb-S Q W U-if O^'ffi^ 7^5?){C. mi^Ml^mW 

m (TEM) T*S bCD*^^ft:$i±fci^>y;i/^a^bfe. Ef 8 (a) Rtf ih 
) ti. -etl^tl. 2X10 '^Torrj^ZJ^ 1X10 "^TorrcD S b >^ ^ >y ^ XiT-^;^ 
^-fr;^G a I nNA s S b T E M^^KCO^ b T^fe -5 o 

2 X 1 0"'^TorrcDS b ^^^y ^;^T'^:gL7^SQWjitj:. EI 8 (a) IZB^t ^ 
3?^5t^;Rb. 1 X 1 0"^TorrOS b :7^^i/^>;iT-^;Sb;^S QWtj;, 
S8 (b) tC^-rj:e)fC, SH(C2<S^^^tgSbTVA-5. 

1118 (a) t (b) i:C^i:bS;?)^^. Sblt. G a I n N A s / G a A s ^tC j3 

[0 0 19] 

Hi^MSTti. NM^tiO. 4 4%xmmmWi(DFLm^i,t. Sb = lX10 
"^TorrT'l. 2 4 /i mT^ o ;t ^^(D 1 . 3 /i m^^(DW DMOymm&^X. 
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[0 0 2 0] 

1. 6 % ammm s (D s b Mo^mMuomi^m) 

XI. 5% (m^l. 3 5 A mt-etCig:.l|^Ni) /O. 4 4 % (H^M 3 

= 6 % 

[0 0 2 1 ] 

. 1%SSTK^.^C7)T^ 

0. 8 % (||S^M3(DS b4cD*ji«a)*/h«) 

XO. 1%(1. 3 Am^^S|Ja-t^(Z){Cig>^;&:g/iNODNa) /O. 44% 
(lliSiM3(7)Ni) 
==0. 2% 

o^tj. 1. 3 Ani^^S::;?jA-t-'5^{Cti, S b It. 0. 2%— 6%^^:^^^^ 
[0 0 2 2] 

MtC. *|8P^#e>tj:. G a I nNA s S b#FM^MV^TS^:S$: 1 . 3/Am^ 

GalnNAsS b ^ G a A s KM® ^ ^ffl V^^«'^^d:. gI9 CD^v 

(1) (5) {Zm^^o^Z. m^l. 2 iULmjSimiZtmLX. 3^ 

mffi^Tti. P L3£«^^2 O^^CD 1 izm^PLXLto t.^^ommi)^&^rc. 
m^Xlt. GalnNAsSbcDI n iffl^K^ Nffl^K $:^X.T^FM 
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□ 

[0 0 2 3] 

m9(D^*^y (1) (5) (Di'^mX^lt. n-GaAs (10 0)® 

*S±(- n - G a A s A^y tM^ 0 . 2 /a m, n - I n q ^^G a q ^3 P ^ ^ 
Kii&O. 25/im. G a A s 0. 1 ^tt m, GaAsAUTjgS: 

0. 0 3^111. SQW?gffiM^7. 3nm. G a A s U TJS 5: 0 . 0 3 /a m. 
G a A s yfclSCiiA^M^ 0. 1 ^m, Xt>*p- I 47GaQ ^ ^ 

SQWmit. Ga^ ^ ^1-x ^l-y-O.Oie ^^y S b q_ T^«^$ tlT ^ 

a 

[0 0 2 4] 

#FJl>a:a«l«MJiCD^S?aSS:4 6 OlCiiL, CalnNAs ( S b ) 
®I nm^^3 7%t.L, N^M-^O. 05ccm, 0. lOccm, RZJ^O. 
1 5 c c ni{C^;tT, I n MbSS: 3 9 % i: b, N jjgi S: 0 . 0 5 c c m, 

AV^O. 1 0 c cm{C^;tT, ^^M^m^L. aM«5t®Jig*^, 

ln^'ffiS:IoI±$-lt-5>fe«5{C, Ng #ffl^cf"X?5 0 0~7 0 OX:-V 1 O^J-r^l^^aS 

m&^^^rmaoiV^y (1) (5) {c^bfc. Iil9fi, ^Ifitc PL?gS 

(Mm) ffiWtCPL3S^ (%) Sr^oTV^T, P L?iiS®?S:SlS#ffi$: 

m9(Dif^y (1) (5) ®#,?^.®SS:«ti, « i ^t)^?)* 5 tc^ 
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Ga As^<Ur : I n 3 7%. N«SO. 0 5 c c m 









( *C) 


(Mm) 


(a.u.) 


500 


1.223 


0. 69 


550 


1.212 


0. 99 


600 


1. 192 


1.7 


650 


L 181 


L58 


700 












G a A s ^< »; T : I n 3 7 NSKl 








( 


( jum) 


(a. u. ) 


500 


1.263 


0. 43 


550 


1.252 


0. 47 


600 


1. 232 


0.9 


650 


1.211 


0,81 


700 
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[*3] 



G a A s ^< U r : I n 3 7 NMi 








( ^) 




(a. u. ) 


500 


1.338 


0. 04 


550 


1.312 


0. 06 


600 


1.28 


0, 17 


650 


1.266 


0. 28 


700 


1.246 


0. 56 








Ga As/OJT : I n 3 9 NJfEl 








( ) 




(a. u, ) 


500 


. 1.255 


0. 54 


550 


1.249 


0. 54 


600 


1.23 


0. 74 


650 


1.218 


0. 49 


700 







0 . 1 5 c c m 



0 . 0 5 c c m 
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G a A s ^< U T : I n 3 9 NSSfi 0 . 1 0 c c m 









( ^C) 


ifim) 


(a. u. ) 


500 


1.286 


0. 28 


550 


1.281 


0.2 


600 


1.257 


0. 44 


650 


1.238 


0. 54 


700 







[0 0 2 5] 

isu<Dmmm^m^z.t.iz^v> h)v^:^y'^y:^ (pl) ^mit. 

COm^M^m^^j:^^:^^^^ty^JV^M^'^r^t.t. (as-grown) x ^ ^> ^ 
;V^SJlfCi:b^T. mmi^:K^^o fib, -^COl^tc, GalnNAs (Sb) # 

Inffl^3 7%. N=0. 0 5 c c m(Z)^^(Z)a^?f^:RCD?S:Si:§®S 
^C^B§fl^ti, ^*^y (1) {C^bTfe^o ^'^■7 (1) f)^ibm^M^). as-grown 
T'COM:gt±, 1. 2 2 2 ^m, 5 5 0 "C CDf^^aT' 1 . 2 1 /a m, eSO'CCT)^ 
^aST' 1 . 1 8 Mmi:4^§. 
[0 0 2 6] 

EI9{C^t-<fce)tC, Ga A s AUTL/--tf=K^(i. f!F^mmR^lZf)^t^t> ^H" 

GalnNAs (Sb) #:Rji^Ci:b^T^ b < ffiT b, 4${C?f:FS(^ I nM^;^^ 
3 7%, NSKS;^)^0. l5ccm(Dm^. ^"^y (S) iZ^-t^^lZ. PLStS 

ti2 Oda^c^i izm^PLXL^o. 

[0 0 2 7] 

-e:iT% G a NA s $:7A'U T » ^ b ;t«TcO J: e) ^rfi^M t'-g) <r (C <}; o 
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n-GaAs ( 1 0 0 ) ffiSS-h^C n - G a A s A :7 r M 5: 0 . 2 jti m. n 
- I riQ ^^GaQ 53P^^^V FM$:0. 2 5 m. G a A s Djii^jf 5: 0 . 

G a N^_y A s y 7^'U T® S: 0. 0 3 ^ SQW?SttJi^7. 3 n m 
> G a N^_y A s y AU TM^ 0. 0 3 /i m. G a A s S: 0 . 1 /i 

m, j2:t?P - I 47G aQ 53P ^ Fil$: 0. 2 5^x11$:, >rc^IlR;¥T% Pi 

[0 0 2 8] 

SQWmit. Ga A s AUr L/-if«Jg^|sI«tC. Ga^ ^ ^ 1-x ^1-y-O.Ol 
g A s y S ^Q^QiQ T-«^^4XTV%^. 

I n;fi^ (1 - x) 5:3 5%:^>e) 3 9 % ^ T% ^ft$i±T, S^OSQWig^: 
«^KL. GaN^.y A Sy AUTScDNffi^fe^tltC/;5CT0. 66%;^)^e5l. 
8%^ 7? (N2 ^lMX^^O to. 0 5 c c mA^^ 0 . 1 5 c c m ^ TO ^ft^-fr 

[0 0 2 9] 

GalnNAs (Sb) ^fFScZ) I nM^^ 3 7 %^ Nffl^S: 0. ,33% 
*^^1. 8%*T' (N2 ilNgfcM^: 0. 05ccm, 0. lOccm 

. RtfO. 1 5 c c m) tC^A.T, I n ffl^ S: 3 9 % i: L NgS* 5: 0 , 0 

?i?S^PL3SS^MSb, m9<D^^y (6) (9) tC^bfco 

m2(7)y^y (6) (9) o^.^^.c^iifltti. ^n^n. mB-^^^m^iz^ 



aiff#2 001-3056469 



#2001—124300 

me] 

GaNAs^<^)T:ln2 7%s NMS: 0 . 0 5 c c m 







P 


( ^C) 


ifjtm) 


(a. u. ) 


500 


L243 


0. 52 


550 


1.24 


0. 96 


600 


1.219 


2.2 


650 


1.206 


2.7 


700 


1.198 


5.5 


17] 

a NA s^^^U T : I n 3 7 NMm 




mm 








(a. u. ) 


500 


1.279 


0. 24 


550 


1.274 


0. 45 


600 


1.253 


1.4 


650 


1.234 


2 


700 


1.226 


2.4 
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GaNAs^<UT : I n 3 7 %s NgEfiO, 1 5 c c m 



^mW JM-f-* ^J^^ 




P LKS 


( C) 




(a. u. ) 


500 


1.348 


0. 03 


550 


1.336 


0. 29 


600 


1.328 


0.38 


650 


1.296 


1. 23 


700 


1.262 


1. 83 



[«9] 

G a NA s /<U T : I n 3 9%, NgfESO. 0 5 c c m 







PL3S« 


( t:) 


( j£zm) 


(a, u. ) 


500 






550 


1. 24 


0. 09 


600 


1.226 


3.7 


650 


1.221 


3,9 


700 







[0 0 3 0] 

G a N A s [^^jicZ)#^, as-grown(D3itf ^:^^>^;i/^;gjf C7)P L3gSti{£^^ 
6 5 or^iT^^LS^rSgt-h. P L5S^;b>:^fpM{cm:^t--5o 

wmmcDm^t'^o a Nq (j^g a s ^ 332 cnm.^^^mm.^^^^^tz.m,. e 5 0 

3 0 /im:^'J»e>4x. PL5Sftfeig:gl. 2 0 m^jScT) G a A s A U T U -if « 
Jgi:^^(S[0lSac7)P L5£S;^'^»^ti;to EI9cD^*^^ (8) r-ti. z.m^WL(r>m 
ttM^c^v^T. 5 5 or. eoo'c. 6 5 or, ^t>*7 0 0T:cDg^^aiS 
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[0 0 3 1] 

m^L. ^^^6 5 o''cxmmm^^t.:r.{c^v. m9(D^*^y (s) iz^-t^ 

1. 2 0 ^in#j£c^G a A s AU T b'-if mMm(D P L^mtf^'i^^tl^ 

a 

[0 0 3 2] 

GaNAs AUTfcj:oTPLgssA^fnj±t*^afiti, mmmRx^^^m(7)M 

^bT, GaQ ggl Hq 37NQ Asq S bQ /GaNQ As 
0.982 -SQWi^-ifjc^frj, yn- Fn>^^ h ^{-^Jgb/t^r^. 
ffi^^gg 0 0 /im-eS 7 0 A/cm^ ^ V^ i£ b ^ 5> tl^^o 

[0 0 3 3] 

N7|B^*\ -^^X^tl. 0. 35%, 0. 6 3%, AXfO. 9 0 %C^G a^I n 
^ ^ l-yl-y2^yl^ ^y2^^^^^ ^ A s TM ^ Offl^-^fcit ^Co V^T. 

tz^. mi 0 ^mr=.o 

Sfe, In;|a^3 7%T% Nffi^;b\ -etl-Ttl, 0. 3 5%^ty0. 9 0%(D 
^ ^x^ s i_yi-y2NyiS by2?f:^«^G a N A s /A^ U TMC7)ffl^-^t)it 

[0 0 3 4] 

Ga^^I n^.^A s^_y^_y2Ny^S b yg^^M ^ P L 3tS 

1 8 ffiliE# 2001-3056469 
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(1) Ga AsAUT»®i:^. ^^mcDNmrnti^O. lYo^mcDt^. 600 

(2) G a A s AVrm(Dt^. Nffl^;*': 0 . 7 %«J: 3 %«T® S 

, 7 0 o°c± 2 sicT-j^^aa-r-s-o 

(3) GaNAsAUTMOi:^, NM^(Cgg^;& < , 7 0 0'C±2 5 

[0 0 3 5] 

^3 0%S.:A±ffiG a I TiA s^hX'lt. vmm^itO. 3%&,±0. 8 %«T®«g 
mxSh^mfS.nmtLXG a I nA sM®figS©||g(C^inL. Ga I nNAs 
^T'i±, Vi^ffi^itO. 2%^^A±2. 5%i^;^TCD4gHC0S b $:«B&7C*i: LTG 
a I nNA sM®fiKS®l^{C^JtI-rSr i:fCj; 3fc^e?fa3a&:^<i{C?fc#T-g 

(D V i^ffifigitii, 3 %*^T' & . 

H9®^i^T'KE^feJ:e){C, »^MS:G a N A s ilf jg;fi 1 . 3 /i 

mt?®^SL/^V^tt«S;^l<M^C^^i:;^^„ r®^, G a N A s ttG a Ny A s ^_ 
y (y<0. 0 5) SrMv^So 
[0 0 3 6] 

#^*i;l/-if*^- (£<T, mi<D^mtno) it. GaAsS«J:{C, )tS:|g^-r 
5tSrlHl2ii«?)^^^>v FJii:S:*U, IS^Ufe^^A^e^ Iz-ifjt&W 
S*ffil#«3g5:«ix.T, «>ElC5p^f JiT^rfilfC U--ff^ S:Sc*ff .Si^gSmMM^^^ 

m^mi^v-vm^izis^^x. 

±iBjS'tS«*'!, Ill I ni|§fig*^3 0%^it±©G a^I n, .^A s i_„S b„ 

(0. oosgy^o. 0 0 8) ^m-t^m-xit^mm^njpmT^tL 
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[0 0 3 7] 

m^i.r:i^*^^u—*f^^m^i^m^mm.%:m^x. mmzw:^-t^:^\^iz\^- 

±mm^mtiK III i^ifr®! niffifigTb^S 0 %Ji/lJt® G a ^ I n ^.^A s ^.^^.^g 
Ny^S by2?f:^® (fil^^ 0<yl<0. 03, 0. 002gy2S0. 06) 

a 

l|2®f§0;gT'li, G a I nN A s S b^FMi:, GaNyAs (y<0. 05 
[0 0 3 8] 

±fB?S'ffi®*^, III :^tfODI niffl^Tb^S 0%ii^±®Ga^I n j_^A s ^.y^.^g 
NyjSby2#:RM (ffilL/, 0<yl<0. 03) ^r^-t-S^-Xtt^MS^-^F 

W^®*'!, GaNyAs^_y (0<y<0. 0 5 ) Jfi: UT?^figS4%TVNS i: 
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[0 0 3 9] 

0%«±®G a^I n^_^A s j_yS by#FJl (fiU. 0. 0 0 3^y^0. 00 
[0 0 4 0] 

^*^3 0%K^Jt(DGa^I n^_^A s j_y^_y2NyjS byg^f^S (fib, yl<0 
. 03, 0. 002gy2S0. 06) $:*t-€.#-Xti#a*^-#^«5^<3Q?g 

So 

[0 0 4 1] 

ifi^A^S 0%«_h®Ga^I nj_^As^_yj_y2Ny^S by2#^® (fib, yl< 
0. 03, 0. 002^y2S0. 06) ?:*^S*-Xl±#M*^?f=:R«;^(39 

A s ^_yj^_y2Ny^s by2#:^®® y 1 0<yi<0. ooi(Dh^,mmm 
mzb 1 o-ci^^iiQ 3 ox:&,r(Dmm(DU&xmm^^mi.. o. oo7Syi 
< 0 . 0 3 ® ^, ^ji«5t(c 6 7 0 t:j^± 7 3 0 'ciik'r(Dm,m(Dum.xmim^ 

[0 0 4 2] 

2 1 ffiiliff 2 0 0 1 - 3 0 5 6 4 6 9 



#2001-124300 



3 0%^J^J:®G a^I n^.^A s ^_yj_y2Ny^S by2#FM (fib, yl<0. 0 
3, 0. 0 0 2^y2^0. 0 6 ) ;5:t>'G a N yA s ( 0 < y < 0 . 05) K 

[0 0 4 3] 

[0 0 4 4] 

&>±<D^mXM. SCH^Jg, ^ttJfAljj Ga^_jj As Sr^VNfcGRIN (Gr 
aded Refactive Index) - S C H^jgCD (,N-f tl®>tK Ciiiti^^fC tjj^MT'^, 

umm (BH) i^^#;u-■^f«^®l,^•rtl^ct;^gMT-^■5. 

Sfe, N, S b©*$:i^M-r-5r.i:{CJ; ?S:g9 8 0 nm^, 1 4 8 0 n m 
1 5 5 0 nmi^, 1 6 5 0 n m^l^®*#^^C 1/-- !f*^(CfeJgMT'g -5„ 
[0 0 4 5] 

&,riz. mftmm^^mLx. mmmmmizm':3\,^x^mM^^''jnmizm.m 

^l®|gB;§fC'e&^^fi##:l/--ifm^S:|6^M;Sl. 2 ai 
G a I n A s S b ifi^<*: L/--!f|g^(CiiM L;tSligJgffiCD-MT-&o T, H 1 fi 

U - if ^^(Dx tf ^ =3r 2/ ;b«Jig $r ^"T ®t® HT' S> •& » 
*llig?^fflM®^^<!f:l/--tf^^ 1 0l±, 0 1 (C5^-r J; e){c, ^jpioo^m 
SSOn-Ga As (10 0) ffiS® 1 2±IC, (Rr^, JSgMStXi^:, H^O. 5 
fi m<D n-GaAs (n=lX10^®c m"^) Ay 7 1 4, 1 . 5 a m 
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P ( n = 1 X 1 0 c m ^) ^ KM 1 6 , mm 0 . 



-3> 



7. 3 nm-efe^, 



9 . 0X1 0"^Torr 
4 6 0"C 

8 . 5X10 "^Torr 

2. 1 m/h 

2 . 0X10 "'^Torr 



1 u, m(DG a A s jftmU^i2^i^M 18. GalnAsS b M^#:RjS -5 
SQWJStt»2 0, mmo. 1 ycimCDG a A s ^^CjiA^jl2 2, 1 . 

5 /^mCOp - I HQ^^gG aQ ( p = 1 X 1 0 c m~^) ^ ^ KM 2 4 , m 

J?0. 3Am(7)p-GaAs ( p = 3 X 1 0 c m"^) n > ^ ^ h M 2 6 C7)^Ji 

[0 0 4 6] 

SQWfSffiM2 Oti. &mM2, 8 2%<Z)GaQ g^I ggA s ^ ggggS 
GalnAsSb (D^^ 

G a I n A s S h<D^M7^& 

s h (oy^ y ^ :x 

^Mit. ;tfxy-^MBE^, MBE^. CBEffi. MO CV DW.(D^^^M^ 
[0 0 4 7] 

•^LT. =i>^^ hM2 6±tCti. pMSMi: UTA u -Z n * ;^tj;T i 
s^^El 2a)S®fCti, n{ffl«ffihbTAu-Ge/N i / A u (Z)aMifeMM7t)^ 
**Jfi?^MMTti. ^mnM^ 2 0 0 /amtL. ta^^®S*f^ 7 8 %. 
[0 0 4 8] 



2 3 
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iim^t^t.^:^. 2 0°C(D«g^L^V^^B^i6 mA. 2 0 "Ci)^ tb 7 0 "C (D L ^ 
(7)#ffiSSti2 5 6 K. t fz,. CW^mmmtmUl^^ I , 2 0MmT$>o7^o 

^^^a^^«SfLb§V^fflii. ^g«ST'(C$g©$;^^TV^-5ffiSG a I n A s 

[0 0 4 9] 

*ieSg?^^Mti. ^2(Z)^0^tC^^4^^ftU-if«^'&f6>tM:gl. 2 5-1 
. 3 u^m^Ga I nA s N U -if ^^fCigffl L fcllJg^^.(Z)-MT^$> o T 

if^#<$;U-if^^l 0(DGa I nAs S b #-S?#^» ^r^l--^ S Q WrSttM 
2 0 iZj^PLX. GalnAsNS b ^—M^^^m^^^ S S QWJSffi® 3 2 ^ 

flx.Tv^^ - ^^R^vNT. jiM^^^Mi cD4^##:u-if*^i 0 tmi:'m^^m 

SQWJSttS3 2ii, i±liS2. 7 5o/oCDGao,giIno39AsQ g^ggNo 00 

[0 0 5 0] 

G a I nNA s S b gc^ Ji tf^ ^ 

-5. 



9 . 5X10 ^Torr 
4 6 O'C 



^^^V:^>^=^(7)A s H3 CD:7^^>^X 
GalnAsNSb CD^:gJSS 

[0 0 5 1] 



8. 5X1 0"^Torr 

2. 1 m/h 

2 . 0X10 "^Torr 



1 



2 4 
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^m^f=.t:i^. 2 0•C®e^^b^V^ffl^i 1 0 raA, 2 Or;A^^ 8 5"C®L/^l^^ 
ft®#tt?aSf±l 5 7 K, Sfc, CW^SgjS;g(i^fiT' 1. 2 6/imT'^ofc. 
BPt., M^S^WSSL^V^fflli, JSlSST'(C#^$*lTV>€)G a I nN A 

[0 0 5 2] 

IISS?^ffiM2-ett> CW^SSrMBi^U . 2 6 MmT'feo;fe*'5, SIJSj^ffi^JT', 
N,«fi&^^t>'S bffl^&^OTMb, HtCGaNy As^.y (N<0. 05)AUr 

(MQW) 

ttc. mmmmm^jktyzx'ii. mmmt.Lr. i nffl^s;*^ 3 9 

[0 0 5 3] 

mmmmm I jsczf 2 <Dm^^^m7^X'\t, au rsi: ltg a a s xg a n a 

s ^iMS:MV^TV^■5*^ S^?!%-^«?)7^G a I n A s PT'feAl'''o 

LTG a A s®S:Ml'^rV''S*^ S C H«jt®f^*3 ^ tc 
A 1 X G a As $:MV^feG R I N (Graded Refactive Index) - S C HMM 
■e%^V>= KMiiA 1 G a A s T't;SV^, 

^?SB&M^*<*b--!f*^$:M{C5%Lfc*^, iM«)ji*a^7^n«jg (BH) X> 

[0 0 5 4] 
Hij^^ffi-M 3 

■^m^(nmm(Dmmmmx'&^, 
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s S b/G a N A s i: U -if *^-efe o T. mi 2 

i^ZBt^OiC. n-Ga AsS«8 2(Z) (1 0 0) ®a>E®_t:tC, j^ifiO. 5 /i 
m<Dn-G a A s7iy:7rM (n = 1 X 1 O^^cm"^) 8 4, ^ tl^tlODM<?Dj^ 
$ / 4 n ( ;i li5§Sg«:g. n ItMlfi^) (^n-GaAs/n-AlQ g Ga 
Q A s 00 3 0^T;^^^>?^^Tg|5DB ^ - 8 6. mm I 5 0 nmOD7 > K- 
:/Ga A sTSP^-^^y Kjf 8 8 , a^^FvS'ttS 9 0. mm 1 5 0 nmoy > K 
-:/G a A sigp^-^^v Kji9 2, -E-ti^4ac^S0Djp:$ z / 4 n (xit^^m^S. 

n tijgff*) (Z)p-A1q gGaQ ^ As/'p-GaAs0025 ^T;^?^??^ 
^±§I5D B R ^ ^- 9 4 , RZJ^mm 1 0 n m(D p - G a A s ^^^-V :fm 9 6 (Z)^ 

[0 0 5 5] 

JStC, #b<ti. 01 3 tC^-rJ:-5JC. TgPDBR^^-8 6(Z)-^Tli. M 
;?9 4 n m(D n - G a A s mm 1 1 0 n m<D n-Al^gGa^^As 

[0 0 5 6] 

M^ff^m'\tm9 ocD^^MRzj^mmsit. ^n^en. mm^ nm(DG 

^ ^0.37^0.009 ^^ 0.975 ^^0,016 ®^ 2 0 n m(Z) G a A 

s 0.982 W"^'*^^^^ #FSS:li2Tfe-5o 
G a I nN A s S b ^FgCOXti°^ 

-5, 



^ ^ y^y ^*%,(r>K s H3 (Dy^ V ^ 7. 

GalnAsNSb a^^^mS. 

o^^r^lfebfco 

[0 0 5 7] 

P -±g|SDB R^ ^ - 9 4 CD-^Tti. mm 1 1 0 n m<Z)A 1 



9 . 5X10 ^Torr 
4 6 0°C 

8 . 5X1 0"^Torr 
2 . 1 fi m/h 
6X10 "^Torr 



0.9 



G a 



0.1 



A 



2 6 
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s tMff 9 4 nmCOp-GaAs tlT V^-S„ 

"thX. p -J:g|5DB 5 - 9 4 O^MrMlt. mi^l 1 0 nm® A 1 q gG 
As {C-f^;tT, 2 0 nmCOA 1 A sS9 8 i:, 9 Onm^AlQ gG 

ao_^ A sMtT'«^RS^lT^^T> ^ i e> (C, A 1 A s M 9 8 

e>^S««rLaA«JKi:, agK^iAM^tA^1«(Z)fIii!c©A lAsM98®Al iimm 

-So 

[0 0 5 8] 

^MWt^O)^-^. JiSPD B 9 4 ti. A 1 A sM9 8 SrSa^^it-Scfc O 

NcD^I^M;^)^?^ A l A s jfg Scoa l ^mmmizm^t^-^^Zi^KJ: frj 
. ass /iiii(Z)*K>f[:(Z)A 1 A sM9 8;^)^^^^mg^aAM^!c^. A 1 ^-fCJl 1 

[0 0 5 9] 

4±{Z{t. p - G a A s ^-v ^v:/JS9 6 tCg^Mt* -5 U > P 1 0 

6 ^ LT8gtte>tl, HtC, Sffi^f^ffiLffltCT i /P t /A u A^y K 1 0 &;^)'fp 

s^mM^mmi^rm^m^^mK-iti o o >tim^{ciiMb;^=^. n-oa a 

3*^8 2C0S®tCnM«ffil 1 0;&'J?^^$tlT^^^-5o 
[0 0 6 0] 

^CO«itT% A 1 A s ®S#^^>f[:S:MVA-5r ^(C j: L ^ Vx>f[tSgPt 2 m A. 

1 0 o''c&.±x(Dcvv^mm9^rir=.. 

[0 0 6 1 ] 

^ USS^ffiM 1 — 3 Xlt. 1 2 0 0 n m, 1250-1300n 
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»J, 8 0 n m^, 1 4 8 0 n m^, 1 5 5 0 n m^, 1 6 5 0 n m^OO^ 

[0 0 6 2] 

*f§W{CJ;tl«^ leSG a I n A s ^i^M^tSSG a I nN A s #FSIC S b 
& :}^'*m&^m i: b T ^io-r S ^ (C J: y 3 S: MM ?: ^ < T- 

GaNAs ?:»eSi:-rsri:fCj:y, 1. 3 /i m«±T'®^SL^V^'|ii 

rtltC j: 'J, |g3ti8^*0. 9Ain~l. 6 5 a m^^OT^^^ili: b-if^^T'fe o 

[01] 

mmmmm i ® ^ - if cd ^ ^ dp s^-t ewHiHT' ^ = 

[0 2] 

mmmmm 2 © ifi*#: ^ - if x tr ^ ^p -v & ^ t- wmht- s = 

[03] 

#§3^a^^ 1 . 2 fi m^<Dm.^(D-mMG a I n A s ifi#^ l/-if*^®xtr^5f dr 
^ ;i/«)t »T® 0 T- ^ „ 
[04] 

[05] 

^IS^M 1 COM*S:^-tG a I n A s S b/G aAs/InGaP-S QWCO P 
L S b 7 ^ X »ft i^'IS a^i- ^ 7 T' S o 

[06] 

*^Ml (Z)MmS:5t-rG a A s S b© S bffl^i: S b y^y ^ Xt.0m^^B 
[07] 
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^ik^\3(D^^^^-tG a I n A s N S b/G aAs/InGaP-S QW® 
[0 8] 

S8 (a) ;5Laf (b) tt, 2X 1 0"'^Torr®S b79'V^x4&t>' 

1X1 O'^Torr® S b 7 v <y ^ X4T-J^S$i±fe G a I n N A s S b ©T EM^ 

[1119] 

mmiZPLU^ (Attn) ^KSKcPL^S (%) ^l^oTV^T, PL^ 

[010] 

15 (%) S:5l^T^^T, I^MM&G a A s i: bfet^® P L3fiS®?K:g^ir>*i^^!l 

[011] 

16 (%) &5toTVNT, KMS2:GaNAs iiLfeh^®PL§£S®?S«:at>'^ 

[012] 
[013] 

12 n-GaAs (100) ffiSS 

14 KJIO. 5/tm®n-GaAs ( n = 1 X 1 0 c m"^) y^' <V -7 r S 
16 ^JPl. 5 Mni®n- I iIq ^gG ap gjP ( n = 1 X 1 0 c m~^) 

18 IKJPO. 1 ytt m®G a A s ^IHLJ5li«?)M 

2 0 &mm2. 8 2%®Gao_6iI ng agASo ggggS bo_oo32*-»^# 

2 9 ffill# 2001-3056469 
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22 aj?0. 1 /i mCOG a A s )tEHDjti&?), 



2 4 

2,6 m 

3 0 ^ 
3 2 BE 

S b 



1. 5 ^m(Z)p- I UQ^^gGaQ ( p = 1 X 1 0 c m ^> ^ 



:0. 3 ytimC^p -G a A s ( p = 3 X 1 0 c m"^) Ziy^^h. 

mm 2 (D u - '^m^<D x if jg 

2. 8 1%C0i±|gS2. 8 1 %CDG aQ I riQ 3gA s Q_97gg 



N 



0.0044 



0.016 



4 0 nm&^l. 2 ,tim(Z)§e*cZ)ffiSG a I nA s 4^*^ 1/ -if tf 

42 n-GaAs(lOO) 

4 4 iKJi^O. 2 ^ mCO n -G a A s /-^^V :7 rM 

4 6 Mi?!. 5 ^mCDn- I nG a P^^^y KS 
48 mmo. 1 3 At mCOG a A s 3tlHC?ii?)M 
50 GalnAs fSffiM 

52 IKJ^O. 1 3 ;a mCDG a A s 3felHC^^M 

5 4 KiS 1 . 5 /ti mO) p-I nGaP^^^y Kjf 
56 K;?0. 3 5 a mO) p - G a a s H > ^ ^ h M 

6 0 ^>;h»M«Jtf*: 

62 n-GaAs(lOO) ©SS 

6 4 ffi 



0. 2 /i mCDn - G a A s ( n = 2 X 1 0 ^'^ c m ^) ^y :7 r , 



6 6 MJ?0. 2 5 ^mOn- I Hq ^^G 33P ( n = 3 X 1 0 ^'^ c m ^) 



^ ^ ^y Kj| 

6 8 I . 

7 0 Gal 3gA sSb/GaAs/InGa P :R?gttJ 



7 2 . 

7 4 . 
^ ^ ^y K, 

8 0 



0. 1 3 mCOG a A s 3t^Cjii?)J 
I n Q 3g A sSb/GaAs/In- 
0. 1 3 m(Z)G a A s ^IHCjii?)J 



0. 2 5/imCDp — InQ^yGaQg3 



P(p = 5X10^'^cm^) 



3 0 
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82 n-GaAs 

84 n-G 8L A s Ay-yrM 

86 n-AlQ5 ^^05 As/n-Al^y GdQg A s (D 3 O^Tf)^^ 

8 8 G a A s TSP ^ ^ KM 

9 0 »^#F?SttM (GaQ 53I no 37NQ A s q Sb^ #F 
9 2 G a A s_tgp^^^y Kjg 

94 p-A1q gGa^ ^ As/p-GaAsC025 ^ T ;?J^ ^3 ^ -5 JlgP D B 

96 p-GaAs:3r-Y^V :fM 

9 8 A 1 A s M 

10 0 A 1 m^ftm 

102 RJ^S 

1 0 4 ««a 

10 6 p {fflSffi 
10 8 MMAy K 
110 nilimffi 



3 1 
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10 mmmmm^(D^m1^l^•'"^m'f'<DJLt:^^iy^)\.mm: 

12 n-GaAs(100)SSlS 
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